Introduction
Lower respiratory tract infections are mainly treated by general practitioners in an outpatient setting. However, in patients hospitalized for lower respiratory tract infection, parapneumonic effusions occur in up to 57% of patients [1] . A progression to complicated parapneumonic effusion and empyema has been demonstrated to occur in 6% of patients [2] . This complication is associated with significant morbidity as well as mortality and results in significant costs. Immediate treatment is of great importance, since short time to antibiotic treatment is demonstrated to be a significant predictor of outcome and is associated with increased survival in patients with community-acquired pneumonia [3, 4] . Empyema is associated with significant morbidity and mortality. Different studies show mortality rates of up to 30% [5] [6] [7] . Treatment modalities will be discussed below, but consist primarily in the drainage of the effusion and antibiotics. In the case of failure of a conservative approach due to the inability to evacuate pleural fluid accumulation, treatment consists of either medical thoracoscopy, video-assisted thoracic surgery (VATS) or thoracotomy, and exceptionally, thoracostomy. Until now and due to the lack of large prospective studies, there is no clear-cut agreement on the role of thoracoscopy in the handling of para-pneumonic effusions and/or empyema. The recommendations described in this article reflect the results of recent research as well as our experience in this field.
Guidelines and Diagnostic Approach
The approach to the patient with parapneumonic effusion and empyema has been standardized by experts of the American College of Chest Physicians (ACCP) [5] as well as the British Thoracic Society (BTS) [8] . Both guidelines include recommendations regarding thoracic surgery, but not medical thoracoscopy. The most important feature of the ACCP guideline [5] is the provision of a scale to stratify the risk for poor outcome in terms of mortality, respiratory failure, prolonged hospitalization and inflammation ( table 1 ) . Patients are stratified according to 3 different variables: anatomy of the pleural space, bacteriology of the effusion and chemical composition of the effusion. Presence of pus was associated with the highest risk. Nowadays, stratification is mostly done using chest ultrasound to estimate total liquid volume, echogenicity of the liquid, the extent of septation, and the degree of impairment of the diaphragmatic motility [2] . The recently published BTS guidelines [8] provide a diagnostic and therapeutic algorithm allowing rapid decision making not only upon presentation of a new case but also during treatment. In general, empyema is defined either by the presence of frank pus upon puncture or by an effusion with documented microorganisms under direct microscopy [5] . However, bacterial cultures are mostly negative, probably due to the heterogeneous distribution of the effusion caused by massive loculation and by antibiotics. Ultrasound-guided puncture of pleural effusions is safe and yields sufficient information in order to stratify patients.
Treatment

Conservative Approach
Treatment is primarily based upon antibiotics and complete drainage of the effusion. Both ACCP and BTS guidelines recommend chest drainage of effusions with a pH ! 7.2 [5, 8] , since pH has been identified to be the most important factor needed for the decision of whether chest drainage is indicated [6] . Chest tube drainage is an effective treatment. The failure rate of a conservative treatment approach was only 6% in a large German case series, along with a mortality rate of only 4% [9] . Although there is no consensus about the optimal size of chest catheters, physicians tend to use large bore catheters for pleural infections to avoid blockage. In contrast, the 2010 BTS guidelines recommend the use of small bore (10-14 Fr) catheters and repetitive rinsing to avoid blockage [8] . In addition, insertion of the chest tube is recommended to be performed under visual guidance. Serial thoracentesis might be an alternative to chest drainage, but its role remains unclear and controversial. One study demonstrated the success of serial thoracentesis in the treatment of empyema [10] . The role of fibrinolytics as an adjunct to chest drainage has been widely discussed. A clear benefit of fibrinolytics could not be found in a large meta-analysis by Tokuda et al. [11] and neither in a Cochrane Review from 2008 [12] . Although some studies have reported promising results and fibrinolytics may provide benefit to individually selected patients, the routine use of fibrinolytics is not recommended by the BTS [8] .
Medical Thoracoscopy
Medical thoracoscopy has played a marginal role in the treatment of empyema for a long time, but has become more and more established in recent years. It can be per- [2, [13] [14] [15] . In general, complication rates, which consisted mainly of bleeding and air leaks, were reported being low, with an incidence between 0 [16] and 16% [17] . Like VATS, medical thoracoscopy can be performed using multiple ports in order to aspirate liquid, to disrupt fibrinous membranes, to open loculations, and finally, to inspect and cleanse the pleural cavity. On the other hand, VATS is certainly superior in the case of severe loculation and the presence of organized septae containing blood vessels. Furthermore, pleurectomy, lung suture or wedge resection can only be achieved by VATS or thoracotomy.
The Thoracic Surgeon's Approach to Complicated Parapneumonic Effusions and Empyemas
When dealing with parapneumonic effusions which form the bulk of pleural empyemas [18] and the subject of this review, one should keep in mind that empyemas can occur in totally different settings such as after chest trauma, in tumorous diseases (usually pleural, such as mesotheliomas), after lung resection procedures or other types of surgery, such as cardiac or esophageal procedures. Therapeutic approaches to all of these may differ. The following remarks apply only to parapneumonic effusions.
As with many other pathologies which occasionally end up in the operating room, cases of parapneumonic effusions are usually handled first by internists or pulmonologists, and more often than not, in a successful manner. Decision and timing of surgery -when deemed necessary -are thus occasionally postponed. When the situation is felt to deserve surgical handling, the first prerequisite is obviously pleural drainage. In order to permit evacuation of fluids which are frequently thick, physicians usually prefer large bore drains, even if the recent BTS guidelines [8] seem to show small catheters (10) (11) (12) (13) (14) to be just as efficient. Drains should obviously be placed in the proper spot and when CT shows the pleural collection to be large and unique, a drain placed posteriorly should suffice. But in case of multi-loculated collections, CT-or ultrasound-guided drain placement is preferred. Due to recent studies, fibrinolytics are not generally recommended [5, 8] for the standard clinical practice, but might be useful in specific cases.
Surgery now is a cleaning debridement-like procedure which can usually be achieved by thoracoscopy in experienced hands [19] , all the more so if performed early in the course of the disease (delay may lead to chronic empyema which is a totally different story) [20] . So-called 'medical' thoracoscopy seems a bit ambitious in this setting as the lung cannot be excluded (patients are not intubated) and pain control may be inefficient when scrubbing sensitive parietal pleurae.
If thoracoscopy cannot achieve satisfactory cleaning, an open but short thoracotomy should be resorted to without hesitation. Given the fact that patients are frequently spared epidural catheters, intercostal spaces adjacent to the opening can easily be infiltrated with local anesthetics.
The postoperative course is usually uneventful on a septic level, even if the first postoperative X-rays frequently appear desperately blurred. Antibiotics should be continued after surgery, intravenously during the first days, and orally thereafter for approximately 2 weeks. Ideally, antibiotics should conform with the antibiogram when a germ has been identified (which is not always the case) [19] . While exceptional, recurring empyema may require more aggressive procedures, such as open-window thoracostomies (the Eloesser flap [21] ), for instance when bronchopleural fistulae are not amenable to surgical repair. Another quicker way is represented by longlasting indwelling catheters [18] .
